Background. The acute paralytic syndrome of botulism has been well-described; however, little is known about its long-term consequences.
Foodborne botulism is a severe paralytic illness caused by ingestion of neurotoxins of Clostridium botulinum. The acute illness is well-described and involves cranial nerve dysfunction, symmetric descending flaccid paralysis, and potential respiratory failure that can last months, until nerve endings regenerate [1] . However, the literature regarding long-term outcomes of botu-lism is sparse. The few studies that exist involved very small numbers of cases, and no studies have reported outcomes 13 years after illness [2] [3] [4] [5] . More information about the long-term outcomes of botulism is needed, especially in regions where the incidence of disease is high.
The Republic of Georgia is a former Soviet republic with a population of 4.4 million people and has the highest nationally reported rate of botulism in the world. The annual incidence of botulism in Georgia is 0.9 cases per 100,000 persons, compared with 0.01 cases per 100,000 persons in the United States [6, 7] . Most cases of botulism in Georgia are attributed to consumption of home-conserved vegetables containing botulinum toxin type B; a smaller proportion of cases have been linked to ingestion of smoked fish (more likely containing toxin type E) [7] . We used the comprehensive records of Georgia's national botulism surveillance system to locate and interview individuals who had botulism during 1998-2003 to evaluate the long-term health, functional, and psychosocial consequences of botulism in Georgia.
METHODS
We conducted a case-control study comparing interview responses of patients who had had botulism with those of control subjects from the same areas of residence. A patient was defined as a Georgia resident who had received a clinical diagnosis of botulism that was reported to the national surveillance system during 1998-2003 and who had lived for at least 6 months after the onset of illness. Although there is no formal case definition used by all clinicians in Georgia, a previous surveillance system evaluation, with in-depth chart review of 1700 Georgian botulism cases, found that reported cases had characteristic presentations [8] . Diagnostic testing for botulinum toxin, using standard mouse bioassay, became available in Georgia only in late 2001 [9] . A control subject was defined as an individual aged 16 years who resided in the same community as a patient but had no history of botulism.
Patient and control subject interviews were conducted during 2004. Patient households were located using national surveillance records kept by the National Center for Disease Control in Tbilisi, which included names and addresses. Three control subjects were selected per patient using a "random walk" method. From each patient's residence, interviewers walked a randomly generated distance and direction to arrive at a start address. The first control subject household was either the household at the start address or, if that household was unoccupied or nonresidential, the household nearest to it. Selection of the second and third control subject households proceeded using the same method. Within each household, a household member (aged 16 years) was randomly selected to be the control subject, regardless of whether that person was home at the time of initial contact.
If the target subject in a household was unable to complete the interview because of incapacity or absence from the household after 3 attempts (for both patients and control subjects) or because of death (for patients only), the interview was conducted by proxy (another household member). In-person interviews were conducted in Georgian or Russian after written informed consent (from adults) or assent with parental permission (for minors) was obtained.
The standard study instrument enabled collection of demographic information from all participants and characteristics of acute botulism illness from patients. Questions about current symptoms were tailored to capture the types of neuromuscular dysfunction associated with botulism, and additional health, functional, and psychosocial status questions were modified from the 36-item short form questionnaire [10, 11] . Interviewers also assessed the ability of study participants to stand from a seated position without using their arms and to walk 5 m without assistance.
Data analysis was performed with SAS software, version 9.1 (SAS Institute). Analyses for all outcome variables comparing patients with control subjects were matched for neighborhood or location of residence. Patients and control subjects in the same neighborhood or location were pooled to create larger strata on the basis of an assumption of exchangeability. We did not match patients and control subjects on age group or sex; rather, we planned a priori to control for these variables in all analyses. We also controlled for Georgian ethnicity and car ownership (as an additional measure of socioeconomic status) because of differing distributions of these variables between patients and control subjects. We asked participants about underlying medical diagnoses but did not control for these because of very small numbers of prior diagnoses among both patients and control subjects. Thus, all analyses were matched on neighborhood or location and also adjusted for age group, sex, Georgian ethnicity, and car ownership. P values, ORs, and 95% CIs were calculated using conditional logistic regression.
For patients who had had botulism, a multivariable logistic regression model was created to evaluate predictors of worse health at the time of the interview, compared with 6 years before the interview. Variables in the model included region of residence, sex, age group, ethnicity, car ownership, food source of botulism, acute symptoms, length of hospital stay, need for ventilation when the patient had botulism, and length of time since botulism onset.
The study protocol and study instruments were reviewed by the human subjects committees at the National Center for Disease Control (Tbilisi, Georgia) and the Centers for Disease Control and Prevention (Atlanta, Georgia).
RESULTS
There were 270 patients who had had botulism and had locating information in the 1998-2003 national surveillance records, which represented 146 events of botulism: 53 outbreaks of botulism involving 177 people and 93 sporadic cases. Diagnostic testing was performed for 67 cases; 34 cases were laboratory confirmed (33 involved toxin type B, and 1 involved toxin type E). Overall, 217 eligible patients (81%) were located, and all agreed to participate in the study. A total of 657 eligible control subjects were identified, and all agreed to participate. Selected characteristics of patients and control subjects are shown in table 1.
Among the 217 patients who had had botulism who were included in the study, the median time between onset of botulism illness and the date of the interview was 4.3 years (range, 0.6-6.4 years); 211 patients (97%) were still alive, and 6 (3%) had died 16 months after the onset of botulism. Most patients (74%) had been hospitalized for a duration of 1 week to 1 month; 11% had been hospitalized for ! 1 week, and 15% had been hospitalized for 11 month. Overall, 25% of patients had required ventilatory assistance. The majority of patients reported having had the following symptoms during acute botulism illness: weakness (97% of patients), fatigue (94% of patients), dizziness (93% of patients), blurred vision (91% of patients), diplopia (88% of patients), dry mouth (88% of patients), difficulty lifting things (88% of patients), difficulty swallowing (87% of patients), difficulty walking (87% of patients), difficulty speaking (86% of patients), and constipation (84% of patients). Fewer patients reported having had difficulty breathing caused by moderate exertion (63% of patients) or minimal exertion (53% of patients) or difficulty breathing when at rest (41% of patients) during acute illness.
Of the 214 patients for whom the food source of botulism illness was known, 68% had become ill from home-conserved vegetables, 30% from smoked fish, and 1% from other foods. Patients whose food source of botulism was home-conserved vegetables (more likely involving toxin type B) were signifi- Selected current symptoms reported by 211 patients who had had botulism and 656 control subjects. All symptoms shown in the figure were reported significantly more frequently by patients than by control subjects ( , for each). All comparisons were matched on P ! .05 neighborhood or location of residence and adjusted for age group, sex, Georgian ethnicity, and car ownership (as an additional measure of socioeconomic status). There were no significant differences in reports of blurred vision, diplopia, constipation, difficulty swallowing, difficulty walking, difficulty speaking, or difficulty breathing caused by minimal exertion or when at rest.
cantly more likely than those with other food sources of botulism to have been hospitalized longer ( ) and to report P p .003 having had symptoms of diplopia, dry mouth, difficulty swallowing, difficulty speaking, and difficulty walking ( , for P ! .03 each) during acute illness. Patients who had become ill from home-conserved vegetables were also more likely than those who had become ill from other food sources to have needed mechanical ventilation (28% of patients vs. 17% of patients), but this difference was not statistically significant ( ). P p .08 Of the 211 patients who were alive at the time of the interview, 144 (68%) reported having worse health at the time of the interview than 6 years before the interview, compared with 112 (17%) of 656 control subjects (OR, 17.6; 95% CI, 10.9-28.4). This comparison did not substantially change after excluding 20 patients whose botulism illness had occurred 16 years before the interview (OR, 18.2; 95% CI, 11.0-30.2), nor after controlling for current symptoms as a proxy for potential symptom differences 6 years before the interview (OR, 15.8; 95% CI, 9.4-26.4). Patients were more likely than control subjects to report worse health whether the patient had required mechanical ventilation during botulism (OR, 33.4; 95% CI, 11.3-98.9) or had not required mechanical ventilation (OR, 16.3; 95% CI, 9.6-28.1). There was no interaction between age group and reported worse health ( ). Figure 1 shows the P p .10 reported general health status 6 years before the interview and at the time of interview. Patients were more likely than control subjects to remember having had better health status 6 years before the interview ( ); however, patients reported P p .004 worse current health ( ). Overall, 49% of patients re-P ! .001 ported their current health as "fair" or "poor," compared with 25% of control subjects (OR, 5.0; 95% CI, 3.2-7.6).
Patients were significantly more likely than control subjects to report current symptoms of fatigue, weakness, dizziness, dry mouth, and difficulty lifting things ( , for each) (figure P ! .05 2). The current symptoms most commonly reported by patients Figure 3 . Selected emotional factors reported by 211 patients who had had botulism and 656 control subjects. The figure shows the percentage of respondents who reported that for "a good bit," "most," or "all" of the time in the past 4 weeks, they felt the emotional factors shown in the figure. All emotional factors in the figure were reported at significantly different frequencies by patients and control subjects (P ! , for each). All comparisons were matched on neighborhood or location .05 of residence and adjusted for age group, sex, Georgian ethnicity, and car ownership (as an additional measure of socioeconomic status). There were no significant differences in reports of feeling "down in the dumps," "downhearted and blue," worn out, or tired or of having difficulty remembering things. Figure 3 depicts how much of the time during the 4 weeks preceding the interview study participants reported experiencing various emotional states (figure 3). Patients were significantly less likely than control subjects to report that for "a good bit," "most," or "all" of the time during the previous 4 weeks, they felt full of pep (OR, 0.2; 95% CI, 0.1-0.3), calm and peaceful (OR, 0.6; 95% CI, 0.4-0.9), energetic (OR, 0.3; 95% CI, 0.2-0.5), and happy (OR, 0.3; 95% CI, 0.2-0.5). Patients were significantly more likely than control subjects to report feeling nervous (OR, 2.8; 95% CI, 1.8-4.4) and unable to sleep (OR, 1.8; 95% CI, 1.1-3.1). Overall, patients were more likely than control subjects to report that physical or emotional problems had interfered with normal social activities (33% of patients vs. 18% of control subjects;
). P ! .001 There were no differences between patients and control subjects with regard to 2 limited objective measures of function. Patients and control subjects had similar ability to stand from a seated position without using their arms (94% of patients vs. 92% of control subjects;
) and to walk 5 m without P p .6 assistance (99% of patients vs. 99% of control subjects;
). P p . 6 A multivariable model of data from patients who had had botulism revealed 3 independent predictors of having worse overall health at the time of the interview, compared with 6 years previous to the interview: requirement for ventilation during botulism, age group, and region of residence. Patients who had required mechanical ventilation during acute botulism illness were 15 times more likely to report worse health (OR, 5.3; 95% CI, 1.4-20.0). Compared with patients aged !20 years, patients in older age groups were more likely to report worse health (age 20-35 years, OR, 2.9 [95% CI, 0.9-9.0]; age 36-50 years, OR, 3.5 [95% CI, 1.1-11.1]; age 150 years, OR, 4.9 [95% CI, 1.3-18.1]). Differences in health by region, with patients from a few regions being more or less likely to report worse health than those from Tbilisi, were not specific to patients who had had botulism; a similar pattern was also seen among control subjects. Additional variables that were controlled for but did not predict worse health among patients who had had botulism were sex, ethnicity, car ownership, food source of botulism (i.e., home-conserved vegetables vs. smoked fish or other foods, as a proxy for toxin type), length of hospital stay, length of time since the patients had botulism, and acute symptoms during botulism.
DISCUSSION
We found that individuals who had had botulism in the Republic of Georgia were substantially more likely than their neighbors to report a decline in general health since the time before their illnesses. Even several years after acute illness, patients who had had botulism were more likely than control subjects to experience fatigue, generalized weakness, dizziness, dry mouth, difficulty lifting things, and difficulty breathing caused by moderate exertion. Ocular and bulbar signs and symptoms, such as diplopia, difficulty swallowing, and difficulty speaking, which had been prominent during acute botulism, had largely resolved. Patients who had had botulism were more likely to report limitations in several measures of functional status, such as climbing 3 flights of stairs and walking у3 blocks; less vigorous activities were not affected. In addition, patients who had had botulism reported worse overall psychosocial status than did control subjects, with patients being significantly less likely to report feeling happy, calm and peaceful, or full of pep during the 4 weeks preceding the interview. Mechanical ventilation during acute illness, older age, and region of residence were the only predictors of worse health among patients who had had botulism.
These data represent, to our knowledge, the largest evaluation to date of the long-term health, functional, and psychosocial consequences of botulism. Our findings are consistent with those of the few previously published studies describing outcomes among smaller cohorts of patients after outbreaks of botulism [2] [3] [4] [5] . In an evaluation of 13 patients after an outbreak of type B botulism, most patients still had symptoms of dyspnea and easy fatigability and had measurable exercise limitation 2 years after the outbreak [5] . One year after an outbreak of type A botulism, all but 2 of 28 patients reported some residual symptoms, with fatigue (68%) being most commonly reported [4] . In previous evaluations, generalized muscular and autonomic symptoms of botulism appeared to persist longer than ocular and bulbar symptoms [3, 5, 12] , which is an observation supported by our findings. Adverse psychosocial outcomes have been described among the survivors of 2 outbreaks of botulism [2, 3] . In 1 of these studies, measures of psychosocial wellbeing did not approximate those from before illness until 3 years after onset of botulism [2] .
The Republic of Georgia has the highest nationally reported rate of botulism in the world, with an annual incidence of 0.9 cases per 100,000 persons, and has a centralized national surveillance system that has gathered locating information for all patients who had had botulism over several years [7] . These factors, along with the excellent participation rate of patients and control subjects, provided us with a unique opportunity to locate and evaluate a large group of patients who had had botulism, even several years after illness. The median time since illness in our study was 4.3 years, well beyond the evaluation period in previous studies [2] [3] [4] [5] . Another strength of this study was inclusion of a large control group for comparison of health status; matching on location of residence likely reduced confounding by unmeasurable socioeconomic and cultural factors that may have been linked to both perceived health status and risk of botulism.
This study also had several limitations. First, health outcome survey instruments, such as the 36-item short form questionnaire, have not been validated in Georgia, and cultural differences in health perceptions may limit generalizability to other populations. Second, no standard case definition for botulism has been used in Georgia, and misclassification was possible. However, a previous study found that clinical diagnoses of botulism in Georgia were generally valid [8] , most patients in our study reported having had characteristic symptoms during acute illness, and almost all patients reported having consumed high-risk foods before illness onset. Thus, we believe misclassification was unlikely. Third, the majority of botulism cases in Georgia are thought to be caused by ingestion of toxin type B in home-conserved vegetables [7] . Although type-specific testing for botulinum toxin has been limited in Georgia, toxin type A has rarely been found [7] . This is distinct from the situation in the United States, where botulism from homeconserved vegetables is most commonly attributable to toxin type A [6] . Differences in the severity of illness caused by different types of botulinum toxin have been well described; pa-tients with type A botulism tend to have more severe illness [6, 13] . Interestingly, the patients in our study who had acquired botulism from home-conserved vegetables (likely involving toxin type B) reported having had generally more severe acute illness, compared with those who had acquired botulism from fish and other foods (likely involving toxin type E); however, the food source of botulism did not predict worse long-term health on multivariable analysis. Finally, we were unable to perform objective measurements of functional status, such as electromyelographic examination or pulmonary function testing. The subjective perception of worse health and the symptoms reported by patients after having had botulism are still important and substantial, regardless of objective findings; however, objective characterization of these symptoms in future studies could help to better define the pathophysiologic characteristics of the long-term consequences of botulism and, thus, possible prevention strategies.
One additional consideration is whether the adverse outcomes we delineated are truly a consequence of botulism, rather than a consequence of critical illness in general. Persistent muscle weakness and fatigue have been well documented for 1-2 years after acute respiratory distress syndrome [14, 15] , and such symptoms are thought to occur after a wide variety of other critical illnesses and are perhaps related to a critical-illness polyneuropathy or myopathy [16, 17] . Emotional sequelae after acute respiratory distress syndrome have also been described [18] . Two features of our study suggest that the adverse longterm outcomes found among patients who had had botulism are specific to botulism. First, in the studies finding adverse outcomes after other critical illnesses, almost all patients had undergone mechanical ventilation, often for extended periods. In our study, only 25% of the patients who had had botulism had required mechanical ventilation, and even patients who had not required mechanical ventilation were significantly more likely than control subjects to report having had worse general health since a period before illness. Second, as in previous studies of botulism outcomes [3, 5, 12] , symptoms of cholinergic autonomic blockade that are prominent during botulism (e.g., dry mouth) were present at long-term follow-up, which suggests a botulism-specific effect.
In conclusion, several years after having botulism, patients report significant health, functional, and psychosocial limitations that are likely to be consequences of the illness. Future studies should include additional objective measures of health and functional limitations and should describe the links between specific elements of the acute illness (e.g., toxin type, use and timing of botulinum antitoxin treatment, and length of ventilation) and the presence of adverse outcomes in patients who survive the illness. This information could facilitate development of strategies to prevent long-term sequelae of botulism.
